Abstract Antibiotic prophylaxis can be given to prevent surgical site infection or to avoid bacterial infective endocarditis and prosthetic joint infections as a result of bacteremia following surgery. Although prophylactic antibiotics are rarely warranted for clean dermatologic surgery, there is increasing support in the literature for their judicious use for selected high-risk cases. This article discusses the host co-morbidities, wound characteristics, body sites, and complex surgical procedures associated with increased dermatologic surgical site infection and goes on to review the evidence for and against antibiotic prophylaxis in its various forms. Updated guidelines for prevention of infective endocarditis and prosthetic joint infection following dermatologic surgery are also outlined.
Introduction
In dermatologic surgery, prophylactic antibiotics are used to prevent either bacteremia or surgical site infection (SSI).
Bacteremia can result in infective endocarditis (IE) and prosthetic joint infection (PJI) in vulnerable patients, and recently updated guidelines clearly stipulate when prophylactic antibiotics are to be used [1, 2] . The use of antibiotics to prevent dermatologic surgical site infection (DSSI) remains controversial, however.
Antibiotic prophylaxis (AP) is usually not recommended for clean dermatologic surgery as infection rates are generally very low. Furthermore, indiscriminate antibiotic use can cause emergence of resistant pathogens, unpleasant side effects, allergic reactions, and rarely Clostridium difficile enterotoxaemia [3-8, 9•, 10, 11] . Observational studies have shown that certain host factors, wound characteristics, body sites, and complex skin closures increase DSSI rates [4] [5] [6] 9 •, 12••].
Though there are no current official guidelines for AP in dermatological surgery, many review articles advocate prophylaxis for selected higher-risk cases [4, 5, 9 •, 12••, 13]. Wound infection delays healing and is associated with discomfort, increased follow-up visits, and poorer cosmetic outcome [14••, 15] . Furthermore, failure to complete antibiotics as prescribed may promote antibiotic resistance.
This review focuses on causes and prevention of SSI, IE, and PJI in relation to dermatologic surgery. Having analyzed relevant retrospective studies, prospective studies, and metaanalyses as well as review articles, we hope to bring the reader up to date with current evidence and guidelines.
Definition of Superficial Incisional Surgical Site Infection
Most DSSIs result from resident flora present on epidermal or mucosal surfaces at the time of incision [7] . Whether such contamination results in infection depends on a complex interaction between host and microbe [16, 17] . When this inoculating dose exceeds 10 5 organisms per gram of tissue, frank infection generally ensues [14, 15] .
There is no universal agreement on the definition of wound infection and whether quantitative microbiological studies are useful [18] . The most widely accepted description for dermatologic surgical site infection however is based on the 1992 US Center for Disease Control (CDC) classification [9•, 15] , in which infection must occur within 30 days of surgery and involve skin or deep tissue at the incision site [19] . In addition, one of the following must apply: 1) purulent discharge from the incisional wound; 2) organisms are isolated on culture of aseptically obtained wound fluid or tissue; 3) one or more of the following is present: pain, tenderness, localized swelling, redness, heat, or the surgeon has deliberately re-opened wound (unless culture of the incision is negative); 4) the treating doctor diagnoses a superficial incisional surgical site infection. Stitch abscess are not defined as infection.
Incidence of Dermatologic Surgical Site Infection
Review articles scrutinizing data from large observational studies report low wound infection rates (1-3%) for simple cutaneous surgery, Mohs micrographic surgery (MMS), and secondary intention healing [5, 9•, 12••, 14••, 16•] . This is consistent with more recent studies (DSSI < 1.4 %) [20] [21] [22] . There are however a number of factors that may increase DSSI rates and this will be discussed in more detail below.
It is clear from the literature that many clinicians may be using antibiotics excessively to help prevent SSI. A retrospective plastic surgery department review revealed overprescribing of AP in 27.5% of breast, 61.8% of head and neck, and 19.4% of hand and upper limb surgery patients [23] . In dermatological surgery, published studies acknowledge that antibiotics are often given at the surgeon's discretion without reference to any predetermined protocol [10, 24] . In a retrospective review of 8850 elective hand surgery cases, the infection rate was only 0.35% yet 31% received AP [10] . Other recent studies, however, have shown judicious AP use [22, 25] .
Risk Factors for Dermatologic Surgical Site Infection
Risk factors for DSSI (Fig. 1) relate to aseptic practices, host co-morbidities, wound characteristics, body site, surgical technique, and complexity of the surgical procedure [4, 6, 26] .
Routine hand washing and good patient preparation have significantly reduced DSSI [6, 27] . A Cochrane review confirmed that shaving body hair at the surgical site is associated with more infections than clipping or use of depilatory creams [28] . Infection rates were the same whether hair was shaved or not removed at all. Use of one nonsterile marker on multiple patients prior to antiseptic preparation does not affect incisional site sterility [29] . If the marker inadvertently becomes contaminated with blood it must of course be thrown away. Evidence suggests that chlorhexidine is probably the most effective antiseptic [16•] .
A number of studies dispute the need for sterile gloves in dermatologic surgery and though we would not advocate this practice, further randomized controlled trials (RCTs) may be warranted. A large prospective observational study in which only clean non-sterile gloves were used for 1000 MMS cases had infection rates equivalent to other studies (0.78% for simple elliptical repair; 2.4% for flap repair) [20] . A retrospective study of 1400 MMS cases found no difference in infection rates with sterile or clean gloves [30] . Infection rates were the same for excision and repair procedures regardless of whether sterile or clean surgical gloves were worn in a prospective randomized trial involving 60 MMS cases [31] . In a large prospective study involving 3491 dermatologic surgical cases, though infection rates were not influenced by sterility of gloves for elliptical closures, there were significantly fewer infections if sterile gloves were worn for complex cases. (3.4 vs 14.7%) [32] .
Host Factors
Diabetes, smoking, malnutrition, obesity, chronic renal failure, and immunocompromising illness have variably been shown to increase the risk of DSSI [4] [5] [6] 9 •, 16••, 33, 34] .
There has been conflicting evidence regarding the association between diabetes, the most prevalent of these risk factors, and DSSI. Three recent large studies have found diabetes to be an independent risk factor for DSSI [10, 35, 36] . Although other recent studies may not have confirmed this association [22, [37] [38] [39] , under-reporting of diabetes might be an explanation. Of note, none of these studies attempted to assess glycemic control. A significant association between both pre-and postoperative glycemic control and incidence of SSI has been found in a number of studies [40] [41] [42] [43] [44] [45] [46] . The relevance of this association in dermatological surgery may be an interesting area for future research.
Infection has correlated positively with smoking in some recent studies [10, 23] . Smoking has been shown to reduce cutaneous blood flow and tissue oxygen tension in humans [47] and viability of skin flaps in rats [48] . In contrast smoking was not found to be a risk factor for DSSI in two recent prospective observational studies [36, 37] .
A number of studies have shown that infection rates are significantly higher for excision of skin neoplasm than for excision of benign lesions [30, 35, 37, 49, 50] .
Studies have shown that Staphylococcus aureus nasal carriers develop more SSI than non-carriers [51] [52] [53] .
Evidence suggests that this also applies to dermatologic surgery [54] .
Wound Characteristics
Wound classification (I to IV) based on the 1985 CDC guidelines [55] have historically been used to help determine the need for prophylactic antibiotics [4, 5, 7] . Closure of incisions on clean non-contaminated skin under sterile conditions (class I wounds) generally does not need AP. Surgery involving oral/nasal mucosa or the axillary/anogenital areas (class II wounds) should receive antibiotic prophylaxis if the patient is immunocompromised. In the case of a major break in sterile surgical technique or a frankly inflamed or infected wound (class III and IV wounds), therapeutic antibiotics are required [55] . Wounds contaminated with oil and crush injuries should also receive AP [33] .
Two large prospective studies taking place in subtropical Australia found much higher infection rates for simple dermatologic surgery than would normally be expected (8.7% in 972 patients [13] , 8.6% in 857 patients [25] ). The reasons for this are unclear but we postulate that high ambient temperature and humidity may improve conditions for bacterial colonization. A recent study has confirmed higher post-operative bacterial wound counts to be associated with increased DSSI [15] .
Body Site
The incidence of DSSI is influenced by body site [4, 9•, 12••, 14••], with lower limb surgery most consistently complicated by infection [21, 35-39, 56, 57] . The reasons for this are unclear but reduced perfusion pressure in the distal limbs [35] , higher tension closures, as well as the frequent necessity for complex graft/ flap surgery are postulated reasons. When compared to overall infection rates, dermatologic surgery below the knee is associated with a 1.7-to 4.7-fold increase in infection rate [13-15, 21, 29] . With surgery on the thigh, a 1.6-to 1.9-fold increase in infection rate has been observed [35, 37] . The groin has been associated with a 6.8-fold [38] and the genitalia with a 10.8-fold [21] increase in infection rate.
Auricular and nasal surgery are also reported to have higher infection rates, perhaps in part because complex closures are more likely at these sites. The increase in DSSI at these sites has however been found to be independent of surgical complexity, with the authors postulating that high concentration of sebaceous glands and other anatomical features that may favor greater bacterial colonization on the nose and ear may play a role [49] . On the ear, a 1.9-to 5.5-fold increase in infection has been observed [38, 49, 58] , and with cartilage involved the increase was 12.4-fold [58] . On the nose, infection rates were 2.3 to 2.4 times greater than overall infection rates [38, 59] .
Surgical Repair
Longer duration of procedure increases the incidence of DSSI [10, 22, 32, 60] . Increased length of scar also correlates positively with DSSI [37, 61] . Large observational prospective studies have shown that flap repair will increase the likelihood of infection by 2 to 15 times compared to simple elliptical closure [4, 20, 32, 36, 39, 49, 59, 60, 62] . Graph repair has also been linked to much higher infection rates [36, 38, 49, 58, 60, 61] . Given the increased risk of infection associated with complex procedures, simple dermatologic reconstruction is preferable wherever possible. Multivariate analysis has confirmed that hematoma is an independent risk factor for DSSI [20, 32, 60] . This emphasizes the need for meticulous inter-operative hemostasis, particularly where there are risk factors for bleeding postoperatively. Risk factors include prescribed warfarin [21, 37, 63, 64] and clopidogrel [21] , as well as age above 67 years, having auricular surgery, and complex repairs [64] .
Prophylactic Regimes for Preventing Dermatologic Surgical Site Infection

Antimicrobial Agents
Concerns regarding antibiotic toxicity and resistance have prompted the use of other antimicrobials to help prevent DSSI. Though outside the scope of this article, the results for silver alginate and honey impregnated dressings are encouraging and warrant prospective randomized trials to verify their effectiveness as prophylactic agents against wound infection [9•] . Both silver alginate dressings and medical grade honey have shown broad antimicrobial activity with high sensitivity and low resistance [65, 66] . The use of sterile maggots to ingest bacteria and devitalized tissue is also recognized to help prevent infection following dermatologic surgery [67] .
Nasal Antibiotic Ointment
A Cochrane review has confirmed that prescribing mupirocin nasal ointment in Staphylococcus aureus nasal carriers preoperatively results in significantly fewer S. aureus SSIs [68] . General use of intranasal mupirocin prior to elective surgery is not advocated, but in S. aureus and particularly methicillinresistant S. aureus (MRSA) carriers it is recommended [69] .
Treatment of MRSA carriers with intranasal mupirocin and a course of oral antibiotics significantly reduced postoperative MRSA infection in a controlled study involving MMS cases [54] . None of the treated MRSA nasal carriers (22 of 963 participants screened) developed DSSI. Although one confirmed nasal carrier, who failed to have antibiotic treatment, developed an MRSA wound infection, there were no other MRSA infections.
Topical Antibiotics
Given that most DSSIs originate from skin flora at the surgical site, one might expect a topical antibiotic applied to the post-operative wound to reduce the likelihood of infection. Evidence from RCTs however suggests that the use of topical antibiotics in dermatological surgery is not effective [14••, 18, 34, 70] . Although an adequately powered RCT found a statistically significant reduction in infection rate from use of chloramphenicol ointment, its use was still felt not to be clinically significant, and best reserved for high-risk wounds only [71] . In addition, the routine use of topical antibiotics has been hypothesized to contribute to the emergence of resistant antibacterial strains and can cause allergic contact dermatitis [14••, 70] .
Oral Antibiotics
Limited evidence is available for the role of oral antibiotic prophylaxis in the prevention of DSSI. Sub-analysis of 60 reconstructive dermatologic flap procedures conducted as part of a plastic surgery RCT found that 1 g of oral azithromycin given the evening before surgery resulted in significantly fewer DSSIs [72] . In a small, non-randomized observational study involving 18 patients having facial graft surgery for non-melanoma skin cancer (NMSC), 1.5 g of flucloxacillin prescribed orally usually 2 h or less following surgery and for the next 1 days in 9 patients with diabetes or tumor ulceration resulted in significantly less infection, graft loss, and graft necrosis [15] .
Conversely, an RCT with 82 patients undergoing secondary intention healing following auricular MMS found no significant difference in infection rates with a postoperative course of once daily 500 mg of oral levofloxacin [73] . AP was started on the day of surgery but it is not clear how long after surgery it was commenced. DSSI is usually caused by wound contamination with adjacent skin commensals, which reside and multiply in the wound coagulum, a medium that is relatively impenetrable to antibiotics. To be effective, prophylactic antibiotics must therefore ideally be present in the wound well before the wound coagulum forms [74, 75] .
As S. aureus and streptococci are the most prevalent bacteria causing DSSI, first-generation cephalosporins or penicillinase-resistant penicillins are generally recommended for prophylaxis [4, 12, 76] . Oral cephalexin or dicloxacillin given as a large 2-g dose 30 to 60 min before the procedure is generally recommended (Table 1) [4, 12, 77] . For those with penicillin allergy, clindamycin, azithromycin, or clarithromycin are the antibiotics of choice. If unable to take medication by mouth, cefazolin, ceftriaxone or (in the case of penicillin allergy) clindamycin is given intravenously or intramuscularly. For procedures involving the groin, axilla or oral or nasal mucosa, a broad spectrum penicillin, such as amoxicillin, is preferred to give greater gram-negative coverage [8, 12] .
Intra-incisional Antibiotics
In the 1960s and 1970s, several studies showed that spraying pressurized antibiotic into open post-operative wounds significantly reduced infection rates [14••] . Sterile cefazolin powder sprinkled into the wound prior to closure has also been shown to significantly reduce infection [78] . Two prospective, blinded, randomized, placebo-controlled trials have shown that the administration of intra-incisional antibiotics (clindamycin/nafcillin) with the pre-operative local anesthetic significantly reduced infection rates in MMS (0.2% vs 2.5% [79] and 0.7% vs 2.4% [80] ).
The high antibiotic concentration at the surgical site, where the formation of wound coagulum may reduce the effectiveness of systemic antibiotics, is a potential advantage of this route of administration. In addition, there are no systemic and bowel side effects and possibly less antibiotic resistance as the gut is bypassed [18, 34] . A theoretical problem with intra-incisional antibiotics is contact dermatitis, though this was not reported in these studies.
Intramuscular Antibiotics
Though this may no longer be a preferred route for AP, two large RCTs have shown intramuscular cephazolin to significantly reduce DSSI [78, 81] . Prophylaxis was more effective for subgroups commenced on antibiotics pre-rather than post-operatively.
Intravenous Antibiotics
We found two double-blinded RCTs that studied the impact of intravenous AP on DSSI. In the first, the administration of perioperative intravenous cephalothin to 127 burns victims requiring skin grafts resulted in significantly less infection (0.8% vs 5.7%), reduced graft loss, and shortened hospital stay compared to 122 controls [82] .
Though not strictly dermatologic surgery, the other RCT involving 1340 hand surgery patients (including 400 who had superficial soft tissue surgery only), found that 2 g of intravenous cefazolin given pre-operatively and then every 4 h for 24 h made no difference to infection rates (3.13% v 3.43%) [83] .
In a recent retrospective review of 8850 elective hand surgery cases, the low (0.35%) SSI rate was not further improved by AP even in higher-risk patient groups [10] . E-mail contact with the corresponding author established that preferred AP was cephazolin injected intravenously 30 to 60 min pre-operatively. Given the low infection rate and relatively small patient numbers in subgroups, the effectiveness of AP cannot be discounted for specific risk factors associated with DSSI.
An observational prospective study for 85 skin grafts (performed for skin cancer or trauma on all body sites) found that those who received intravenous cephazolin, flucloxacillin, or amoxicillin/clavulanate at induction had a reduced risk of infection and graft failure [24] . The use of prophylactic antibiotics was the only predictor of successful graft take.
It has been shown that the ideal time to give intravenous antibiotic prophylaxis is 30 to 60 min prior to the surgical procedure [84] .
Prophylaxis Against Infective Endocarditis
Major changes in the most recent 2007 American Heart Association (AHA) guidelines [1] have eliminated about 90% of people previously given prophylaxis for infective endocarditis (IE) [16] . After careful review of 56 years of published articles, the AHA committee concluded that even if AP were 100% effective, only a very small number of cases of IE would be prevented.
Dermatologic surgery rarely causes bacteraemia [1, 7] , and AP is therefore not indicated even in patients at highest risk of adverse outcome from IE unless the surgical site is already infected or involves incision of the oral mucosa. High-risk conditions (Table 2 ) are a prosthetic cardiac valve, history of IE, cardiac transplant with valvulopathy, or an unrepaired congenital heart defect that causes cyanosis or that has been repaired in the past 6 months. Conditions such Clarithromycin (500 mg) PJI Cephalexin (2 g) Amoxicillin (2 g) Clindamycin (600 mg) 1 h before surgery Cephradine (2 g) DSSI dermatologic surgical site infection; IE infective endocarditis; PJI prosthetic joint infection as valvular heart disease, aortic stenosis, and stable congenital heart disease no longer require AP.
The AHA has clarified that simply injecting local anaesthetic via the oral mucosa does not require prophylaxis [1] . Optimal oral health and hygiene is more important than AP for a dental procedure to reduce the risk of IE [16] .
Despite new AHA guidelines being evidence-based, there has been resistance among dentists, cardiologists, and patients to comply with the changes [85] [86] [87] . Barriers to implementation include difficulty explaining to patients previously requiring AP for IE that this recommendation is now obsolete for future procedures [86, 87] ; fear of criticism from colleagues and lack of trust in the evidence also prevents compliance [85] . Patients habituated to taking AP before certain procedures expressed concern that the updated guidelines were incorrect [86, 87] . Our own experience mirrors this with many patients remaining on AP to prevent IE following dermatologic surgery because their cardiologists still recommend it.
Where prophylaxis is required, a penicillin or cephalosporin is recommended for procedures involving infected keratinized skin (Table 1) . Vancomycin or clindamycin can also be given. For breaches of the oral mucosa, amoxicillin (2 g ) is the antibiotic of choice. For those with penicillin allergy, azithromycin, clindamycin, or clarithromycin are now advocated. A single dose should be taken orally 30 to 60 min pre-operatively [1] .
Prophylaxis Against Prosthetic Joint Infections
Total hip and knee replacements are common, and though prosthetic joint infection (PJI) is a rare complication (<2.5%), the consequences can be disastrous for the patient and expensive for the health system [3, [88] [89] [90] .
The American Dental Association (ADA) and the American Academy of Orthopedic Surgeons created the latest guidelines for PJI prevention in 2003 [2] . The data showed that most late onset PJI was related to bacteraemia. Consequently, patients susceptible for PJI should receive AP for incision of infected skin or the oral mucosa. AP is not indicated for patients with pins, plates, or screws [2] .
Patients at high risk of PJI (Table 2) include anyone who has had a total joint replacement within 2 years. Additionally, a previous prosthetic joint infection, being immunocompromised, or having certain co-morbidities warrant AP for PJI regardless of when the joint was replaced. High risk comorbidities include insulin-dependent (type 1) diabetes, malignancy, HIV infection, malnourishment, and hemophilia.
The administration of a mucosal anesthetic is deemed a lower-risk bacteremic procedure [2] , and as such the cutaneous surgeon should consider AP in high-risk patients when administering a nerve block by the intra-oral route [9] .
The recommended prophylactic antibiotic regime (Table 1 ) is 2 g of cephalexin or cephradine for infected keratinized surgery and 2 g of amoxicillin for oral mucosal surgery. For patients with penicillin allergy, 600 mg of clindamycin is advocated. Antibiotics are given orally 1 h prior to surgery [2] .
Conclusions
Many host-and procedure-related factors influence the risk of DSSI, and in the absence of clear updated guidelines reflecting emerging evidence, the decision to give prophylactic antibiotics should be on a case-by-case basis with systematic attention to multiple risk factors.
Prophylactic prescribing of antibiotics could result in unnecessary troublesome side effects, allergy, anaphylaxis, and drug resistance. Evidence confirms re-emergence of more antibiotic sensitive bacteria and development of fewer resistant pathogens with cautious prescribing of antibiotics [14••] . On the other hand, a high-risk, complex dermatological procedure complicated by infection can result in delayed healing and poor cosmesis. In such a case, a single oral pre-operative antibiotic dosage may prevent a prolonged course of antibiotics as well as significant morbidity and expense.
Even Henry Flemming himself noticed that resistant bacteria emerged if sufficient doses of penicillin were not given [14••] . The recommended single dose of prophylactic antibiotic is equivalent to a 24 h total dosage for established infection. Given that it is the antibiotic concentration during treatment rather than the antibiotic itself that promotes resistance, we postulate that the risk of emergence of resistant bacteria following a single, large prophylactic antibiotic dose may be less than that for treating established infection, where doses may be forgotten or the treatment stopped prematurely. RCTs have shown that topical antibiotics applied immediately after dermatologic surgery do not prevent infection and they should therefore not be used. Two studies have shown oral AP significantly reduced DSSI [15, 72] . Large RCTs have confirmed the effectiveness of intra-incisional [78, 80] and intramuscular [78, 81] AP against DSSI. Intravenous AP has been found to reduce infection rates following skin grafts [24, 82] but not hand surgery.
We know of no RCT that has specifically studied the effect of intranasal mupirocin alone in dermatological surgery, but as the impact on SSI has been universally beneficial in other studies we would recommend checking for and treating S. aureus nasal carriage for dermatologic surgical cases at higher risk of infection. It might be prudent to check for S. aureus nasal carriage in patients with a history of recurrent DSSI. In addition, regular screening of staff assisting during surgery might be advisable.
Updated guidelines for IE and PJI are very clear that AP need only be considered in dermatologic surgery for highrisk patients having surgery involving infected skin or breach of the oral mucosa. The recent guidelines have radically revised the definition for high-risk patients, and dermatologic surgeons should familiarize themselves with the changes to prevent over-prescribing of AP.
Having reviewed the evidence, we believe that where multiple risk factors for DSSI exist, antibiotic prophylaxis should be considered. Further RCTs are needed to help establish the effectiveness of oral and intranasal antibiotic prophylaxis.
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